The objective of this study was to evaluate the effect of a progestagen treatment (fluorogestone acetate sponge) alone or in combination with equine chorionic gonadotrophin (eCG) on oestrus response in Red Sokoto (RS) goats. One hundred RS does were treated with 30 mg fluorogestone acetate (FGA) sponges for 14 days. At the end of the progestagen treatment, does that retained the sponges were allocated to two groups; FGAeCG and FGA. The FGAeCG group (n = 28) received 200 IU eCG i.m. concurrently with the sponge removal, while the FGA group (n = 28) did not receive eCG at sponge removal. Oestrus was detected twice daily (at 07:00 -10:00 and 15:00 -18:00) using sexually active bucks for five days following progestagen withdrawal. There was no significant difference in oestrus response between groups FGAeCG (82.1%) and FGA (78.6%). There was a significant difference in the time to the onset (29.3 ± 4.6 and 44.2 ± 6.3 h for the FGAeCG and FGA, respectively) and duration of the induced oestrus period (38.9 ± 5.1 and 22.7 ± 4.6 h for the FGAeCG and FGA groups, respectively). It is concluded that although both groups showed good oestrus synchronization rates, administration of eCG shortened the time to onset of oestrus and increased the duration of oestrus in Red Sokoto does.
Introduction
There is an increasing gap between the growth rate in the global human population and the availability of animal protein, with developing countries being more vulnerable to this gap (Riaz et al., 2012) . Goats provide meat, milk and other by-products (Boyazoglu et al., 2005) . There is a considerable potential for increased goat production and this depends on the recognition of their significance in supplying proteins of high biological value in the forms of meat and milk (Mamabolo & Webb, 2005) . Owing to the great potential that goat production signifies, various efforts are being made to apply reproductive biotechnologies, including oestrus synchronization, to maximize meat production.
Synchronization of oestrus is an important management tool that has been used to enhance reproduction in goats (Holtz, 2005; Omontese et al., 2010; Riaz et al., 2012) . The methods most commonly adopted include the use of prostaglandins and progestagens (Abecia et al., 2011) . Various reports have described the use of intravaginal progestagens, accompanied by the administration of equine chorionic gonadotrophin (eCG), formerly called pregnant mare serum gonadotrophin (PMSG), following progestagen withdrawal to synchronize oestrus during the normal breeding season (Menegatos et al., 1995) , induce oestrus out of season (Karatzas et al., 1997) and improve the ovulation rate (Greyling & Van Niekerk, 1990;  Copyright resides with the authors in terms of the Creative Commons Attribution 2.5 South African Licence.
See: http://creativecommons.org/licenses/by/2.5/za Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the authors and the South African Journal of Animal Science. Pandleton et al., 1992) . eCG is a placental glycoprotein hormone prepared from the serum of pregnant mares (Abecia et al., 2012) . However, the use of eCG involves more input costs for the producer. For progestagen treatment to be effective, it is necessary to have sufficient gonadotrophin available to initiate the preovulatory events (Powell et al., 1996) . Progesterone and its analogues have an inhibitory effect on the release of the luteinizing hormone (LH) from the anterior pituitary so that the endocrine events that influence the maturation of the ovarian preovulatory follicles and their later ovulation are suppressed. Following the withdrawal of progesterone, oestrus and ovulation occur at a predictable time (Leboeuf et al., 1998) .
It is important to know the rate of oestrus response, the time of initiation of oestrus and its duration after oestrus synchronization using progestagen treatment alone or in combination with eCG in order to develop a simple and effective protocol that can be adopted by goat producers. Therefore the objective of this study was to evaluate the effect of FGA sponge alone or in combination with eCG on oestrus response in Red Sokoto goats.
Materials and Methods
This experiment was conducted at the goat farm of the Small Ruminant Research Programme (SRRP), National Animal Production Research Institute (NAPRI), Ahmadu Bello University, Shika-Zaria, Nigeria, between January and February (hot dry season). NAPRI is located in the northern Guinea Savannah zone of Nigeria between latitudes 11 ºN and 12 ºN and longitudes 7 ºE and 8 ºE at an elevation of 650 m above sea level, with an average annual maximum and minimum temperature of 31.0 ± 3.2 ºC and 18.0 ± 3.7 ºC, respectively. Shika-Zaria has an average annual rainfall of 1100 mm, usually lasting from May to October with a mean relative humidity of 72%, while the dry season lasts from November to April with mean daily temperatures ranging from 15 ºC to 36 ºC and mean relative humidity of between 20% and 37%.
One hundred apparently healthy and cycling Red Sokoto does were used for this study. Red Sokoto is the most widespread breed in Nigeria, accounting for over 65% of the goat population (RIM, 1992) . It is a good meat breed, and is known for its suitability for fine leather (Adeyinka & Mohammed, 2006) .
The does used in the study weighed 14.3 ± 2.4 kg, with body condition scores (BCS, range 1 -5) of 2.5 -3.5 (Spahr, 2005) , were aged between 1.5 and 2 years, and had shown at least two oestrus cycles (19 -21 days). The does were housed in a pen and allowed to graze in large paddocks, fed Digitaria smutsii (woolly finger grass) hay and a concentrate supplement (0.5 kg/day), and water was provided ad libitum. The does were treated with FGA intravaginal sponges (Pharmplex, Australia) for 14 days by inserting the sponge into the anterior portion of the vagina with an applicator. At the end of the progestagen treatment, the retention rate was evaluated by counting the number of does that still had the intravaginal sponge in place on day 14 of treatment. Does that retained the sponges were then allocated to two groups: A (n = 28) and B (n = 28). Group A received a single intramuscular injection of 200 IU eCG (PMSG-Intervet, Ireland) concurrently with progestagen withdrawal, while Group B received nothing. FGA sponges were removed by pulling the drawstring hanging from the vagina.
The does were placed with sexually experienced Red Sokoto bucks in the ratio of 1 buck to 10 does. The does were observed visually for behavioural oestrus manifestation twice daily (07:00 -10:00 and 15:00 -18:00) for five days after sponge withdrawal. The cardinal sign to determine oestrus response was standing to be mounted. Oestrus activity occurring within 120 h post withdrawal of progestagens was classified as synchronized. Oestrus response, time interval to initiation of oestrus, and duration of oestrus were evaluated. Oestrus response was calculated as the number of does that showed standing oestrus (heat) and subsequently mated over the total number of does in each treatment group, expressed as a percentage. Time to initiation of oestrus was evaluated as the interval (hours) from when the progestagen (FGA) was removed to the time that the doe first showed standing oestrus after being exposed to the buck expressed as mean ± standard error of mean (SEM), while duration of oestrus was measured as the time (hours) between the first and last standing oestrus expressed as the mean ± standard error of mean (SEM).
Retention and oestrus response rate were expressed in percentages. Data on oestrus response, time to initiation of oestrus, and oestrus duration were analysed using SPSS 17.0. Student's t-test was used to compare means between treatment groups. Values of P <0.05 were considered significant.
Results and Discussion
At the end of 14 days treatment, the retention rate was 56% (56/100). Oestrus response was higher (P >0.05) The two oestrus synchronization protocols used in this study (fluorogestone + eCG [A] and fluorogestone alone [B] ) were equally efficient in inducing oestrus response in Red Sokoto does, although the oestrus response was higher in the FGA + eCG treated does. This is probably owing to the oestrusenhancing effect of eCG following progestagen treatment (Abecia et al., 2012; Omontese, 2012) . It has been reported that for progestagen treatment to be effective, it is necessary to have sufficient gonadotrophin available to initiate the preovulatory events by increasing endogenous gonadotrophins with 'exogenous' gonadotrophin in the form of eCG (Powell et al., 1996) .
The 56% retention rate obtained in this study was lower than the 89.9% and 100% reported by Omontese et al. (2010) in prepartum Red Sokoto does treated with CIDR and FGA sponges, respectively. Romano (1996) observed 100% retention in dairy goats treated with FGA throughout the period of his experiment. Factors such as intravaginal sponge texture and consistency (Alifakiotis et al., 1982) , length of vaginal tract (Omontese et al., unpublished observations) and techniques employed in inserting the sponge (Romano, 1998) could influence sponge retention in the vagina.
Results from this experiment showed that the oestrus behaviour of the does in both groups (A and B) was on average 80.4% (Table 1) . Does of Group A (FGA + eCG) showed a higher oestrus response of 82.1%. This indicates that administration of eCG (concurrently with sponge withdrawal) seemed able to stimulate more does to commence oestrus. This is lower than the 94% and 88% reported by Pendleton et al. (1992) in anoestrus dairy goats treated with norgestomet and FGA sponge, respectively. This value is also lower than the 100% recorded for Saanen and Nubian goats (Regueiro et al., 1999) and the 87% (Fonseca et al., 2005) recorded for Toggenburg goats. In addition, Dogan et al. (2004) reported a 100% oestrus response in Saanen does using FGA sponges in combination with 125 μg cloprostenol (PGF 2α ), similar to Ahmed et al. (1998) in Sudanese Nubian goats. However, the average oestrus response obtained in this study is higher than the 20% obtained by Omontese et al. (2010) in prepartum Red Sokoto does treated with FGA alone for 21 days and the 73.5% reported by Greyling & Van der Nest (2000) using intravaginal medroxyprogesterone acetate (MAP) sponges. It is, however, less than the 100% reported by Dogan et al. (2004) using MAP sponges in Saanen does. These variations may be owing to the effect of age and parity, breed, use of gonadotrophins, nutrition, treatment protocol, location, management and climate (Mani et al., 1992; Romano, 2002; Evans et al., 2004) .
In the present study, most does in Group A (FGAeCG) exhibited oestrus earlier (P <0.05) and mostly within the first 72 hours after sponge withdrawal, while does in Group B (FGA) showed oestrus behaviour much later (Figure 1 ). Group A (FGAeCG) exhibited better tightness of synchrony with more than 75% of does in oestrus by day 3 (Figure 1 ). This is similar to the 77.5% reported by Omontese (2012) in Red Sokoto does treated with FGA for 15 days in combination with the intramuscular injection of 400 IU eCG concurrent with sponge withdrawal. The mean time to initiation of oestrus from sponge withdrawal (36.7 ± 5.4 h) for the two treatment groups (A and B) is less than the 45.3 ± 13.5 h reported by Romano (2002) in Nubian goats treated with FGA sponges. However, it is higher than the 30.0 ± 12.0 h and 27.2 ± 11.2 h reported by Fonseca et al. (2005) in Toggenburg goats treated with MAP sponges + eCG. Ungerfeld (2011) reported that the introduction of vasectomised rams in an oestrus synchronization protocol using prostaglandin hastened the onset of induced oestrus and increased the number of Corriedale×Merino ewes responding.
There was a significantly longer oestrus duration (mean ± SEM) in Group A (38.9 ± 5.1 h) than in Group B (22.7 ± 4.6 h) ( Table 1) . Mori & Kano (1984) and Greyling & Van Niekerk (1990) reported that synchronization with PGF2α or administration of progestagen together with PMSG lengthens oestrus duration by about 6 h, compared with natural cycles. Such prolongation of oestrus was observed in does in Group A. It seems that the mean duration for standing oestrus varies between animals and from one oestrus to another (Akusu & Egbunike, 1990; Teleb et al., 2003) and may be influenced by the number of services (Romano & Fernandez Abella, 1997) . On the other hand, Hafez (1993) reported that the duration of oestrus is species dependent and varies slightly from one female to another within the same species.
Conclusion
FGA sponge alone or in combination with eCG is capable of synchronizing oestrus in Red Sokoto goat, but the administration of eCG following fluorogestone treatment shortens the time to onset of oestrus and lengthens the duration of oestrus in Red Sokoto does.
